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A comprehensive study was carried out to isolate, identify and 
characterise chicken anaemia virus (CAV) isolated in Malaysia. The study 
resulted in the iso lation of five CAV isolates from broiler chickens, designated 
as BL-1, BL-2, BL-3, BL-4 and BL-5. These isolates together with three isolates 
(SMSC-1, SMSC-2 and 3-1) provided by Veterinary Research Institute (VRI) ,  
Malaysia and a reference Cux-1 isolate were analysed by different restriction 
endonuclease enzymes. The whole genome of each CAV isolate was amplified 
by PCR into four  fragments: Fragments A, B, C and D. Fragment A was 
d igested with Styl ,  fragment B with StyI, Hpal\ and Mbol ,  fragment C with 
Hael l l ,  and fragment 0 with EcoRI. The overall analysis revealed that the four  
isolates, BL-1, BL-2 , BL-4 and BL-5, exhibited the same restriction profiles in a l l  
enzymatic reactions and they are placed in one group, whereas, the other five 
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isolates (SMSC-1, SMSC-2, 3-1, BL-3 and Cux-1) were found to be different 
from each other and also from the group of four isolates mentioned above. 
The pathogenicity studies in specific pathogen free (SPF) chickens 
inoculated with SMSC-1, 3-1 and BL-5 isolates at 1-day old showed that, the 
isolates produced clinical signs and characteristic lesions suggestive of CAV 
infection at 14-16 days post inoculation (p.L). The histopathological lesions in 
infected chicks showed severe depletion of lymphocytes from thymus, bursa 
and spleen and aplastic changes in bone marrow. The repeated passages of 
two VRI isolates, SMSC-1 and 3-1, in MSB1 cell line until passage sixty (P60), 
and passage 123 (P123), produced attenuated viruses (SMSC-1/P60, 3-1/P60. 
SMSC-1/P123 and 3-1/P123) which showed significantly reduced level of 
pathogenicity in SPF chickens compared to the pathogenic parent isolates. 
The whole genome of two non-attenuated isolates (SMSC-1 and 3-1) 
and two attenuated isolates (SMSC-1/P60 and 3-1/P60) were sequenced using 
the Perkin Elmer's BigDye Terminator Cycle Sequencing Kit. The high G:C 
regions of the CAV genome were sequenced using the same kit by the 
development of a modified method. The results showed that the complete 
genome of all isolates consisted of 2298 nucleotides. Three major ORFs of 
1347 bp, 648 bp and 363 bp long were found in the plus DNA strand in all 
isolates, coding for putative proteins of about 52 kDa (VP1). 24 kDa (VP2) and 
13 kDa (VP3). respectively. The alignment and antigenic index of VP1 
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sequence revealed the appearance of a hypervariable region from amino acid 
positions 139 to 157. The results showed that 76 nucleotide changes in SMSC-
1/P60 and 43 nucleotide changes in 3-1/P60 isolates compared to their parent 
isolates, were thought to contribute to virus attenuation. Among these 
nucleotide changes, only one nucleotide difference (T �C) at position 816 
resulted in changes of amino acid residues at positions 153 in VP2 from V to A, 
and 118 in VP3 from C to R. This single nucleotide change is probably 
important for the change in virus pathogenicity or attenuation. The phylogenetic 
analysis showed that the SMSC-1 isolate is close to the Australian 704 and 
Japanese TR20, the 3-1 isolate is close to the German Cux-1 isolate and the 
attenuated cloned isolate 10 (derived from the Cux-1). The attenuated SMSC-
1/P60 and 3-1/P60 isolates were very close to the Japanese isolate A2. 
The apoptosis study carried out with electron microscopy and DNA 
fragmentation analysis, detected apoptosis both in infected thymocytes and 
infected MSB1 cells. The immunological studies with P1, P60 and P123 isolates 
of SMSC-1 and 3-1, and also with BL-5 isolate, after inoculation into 1-day-old 
SPF chickens showed that each of the isolates elicited CAY antibody 
responses, both at 14-16 days and 30 days p.i. Based on the findings of 
antibody response and pathogenicity studies, the attenuated isolates of P60 
and P123 are potential candidates for live vaccines. 
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ABSTRAK 
Satu kajian yang komprehensif telah d ijalankan untuk memencil, 
mengenalpasti dan mencirikan virus anemia ayam (CA V) yang di isolat d i  
Malaysia. Kajian in i  menghasilkan pemencilan lima isolat CAV daripada ayam 
pedaging, d inamakan sebagai  BL-1 , BL-2,  BL-3 , BL-4 dan BL-5. Isolat-isolat 
tersebut bersama tiga isolat (SMSC-1 , SMSC-2 dan 3-1 )  d iberikan oleh Institut 
Penyelidikan Veterinar (VRI),  Malaysia, dan isolat rujukan Cux-1 telah d ianalisis 
melalu i  enzim endonukleas pembatas. Keseluruhan genom bagi setiap isolat 
CAV d iamplifikasi melalui peR kepada empat fragmen: Fragmen A, B, C dan D .  
Fragmen A telah d ipotong dengan Styl, Fragmen B dengan StyI ,  Hpal l dan 
Mbol ,  Fragmen C dengan Haell l  dan fragmen 0 dengan EcoRI .  Analisis 
keseluruhan menunjukkan bahawa empat isolat, BL-1 ,  BL-2,  BL-4 dan BL-5 
menghasilkan profit pembatas yang sama di datam kesemua tindak batas enzim 
dan isolat berkenaan diletakkan dalam satu kumpulan, manakala lima isolat 
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(SMSC-1, SMSC-2, 3-1, BL-3 dan Cux-1) didapati berbeza antara satu sama 
lain dan juga daripada kumpulan empat isolat yang disebut di atas. 
Kajian kepatogenan ke atas ayam bebas patogen spesifik (SPF) yang 
diinokulat dengan SMSC-1, 3-1 dan BL-5 menunjukkan tanda-tanda klinikal dan 
ciri-ciri lesi CAV. Lesi histopatologi dalam ayam terjangkit menunjukkan 
pengurangan limfosit daripada tim us, bursa dan limpa dan perubahan aplastik 
dalam sum-sum tulang. Pengulangan inokulasi bagi dua isolat VRI, SMSC-1 
dan 3-1, dalam sel MSBI hingga ke inokulasi 60 (P60) dan inokulasi 123 (P123) 
menghasilkan virus atenuat (SMSC-1/P60, 3-1/P60, SMSC-1/P123 dan 
3-1/P123) yang mana menunjukkan pengurangan tahap kepatogenan yang 
signifikan dalam ayam SPF berbanding dengan isolat patogenik asal. 
Keseluruhan genom bagi dua isolat yang tidak diatenuat (SMSC-1 dan 
3-1) dan dua isolat yang diatenuat (SMSC-1/P60 dan 3-1/P60) telah 
dijujukkan menggunakan Perkin Elmer's BigDye Terminator Cycler Sequencing 
Kit. Kawasan G:C yang tinggi bagi genom CAV dijujukkan dengan 
menggunakan kit sama dengan ubahsuaian. Keputusan menunjukkan bahawa 
genom yang lengkap bagi kesemua isolat terdiri daripada 2298 nUkleotid. Tiga 
ORF major daripada 1347 bp, 648 bp dan 363 bp telah dijumpai pada 
bebenang DNA tambahan dalam kesemua isolat, dengan mengekod protein 
putatif pad a anggaran 52kDa (VP1), 24 kDa (VP2) dan 13 kDa (VP3), masing­
masing. Jujukan VP1 yang disusun memperlihatkan kemunculan satu kawasan 
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hiper boleh-ubah daripada asid amino berkedudukan 1 39 hingga 1 57. Indeks 
antigenik VP1 juga menunjukkan kawasan h iper boleh-ubah di antara isolat­
isolat, da lam kawasan asid amino 1 22 h ingga 1 65 .  Keputusan tersebut 
menunjukkan bahawa 76 nukleotid terubah dalam SMSC-1 /P60 dan 43 
nukleotid terubah dalam 3-1 /P60 isolat berbanding dengan isolat asal .  
Perubahan in i  d ianggapkan menyumbang kepada pengakenuatan virus. D i  
kalangan perubahan nukleotid in i ,  hanya perbezaan nukleotid (T �C) pada 
kedudukan 816, yang menghasilkan perubahan dalam asid amino residu pad a 
kedudukan 1 53 dalam VP2 daripada V kepada A, dan 1 1 8  dalam VP3 daripada 
C kepada R. Perubahan satu nukleotid adalah penting untuk merubah 
kepatogenan atau pengakenuatan virus. Analisis fi logenetik menunjukkan 
bahawa isolat SMSC-1 adalah hampir kepada isolat Austral ia 704 dan Jepun 
TR20, isolat 3-1 adalah hampir kepada isolat Jerman Cux-1 dan klon isolat 1 0  
yang d iatenuat. Isolat SMSC-1 /P60 dan 3-1 /P60 yang d iatenuat adalah sangat 
hampir kepada isolat Jepun A2. 
Kajian apoptosis dengan menggunakan mikroskop elektron dan analisis 
serpihan DNA, telah mengesan apoptosis dalam timosit terjangkit dan sel MSBI 
terjangkit. Kajian imunologi ke atas P 1 , P60 dan P1 23 bagi isolat SMSC-1 dan 
3-1 dan juga dengan isolat BL-5,  menunjukkan bahawa setiap isolat 
menghasilkan tindakbalas antibodi CAV. Berdasarkan penemuan tindakbalas 
antibod i dan kajian kepatogenan, isolat-isolat yang d ilemahkan bagi P60 dan 
P 1 23 mempunyai potensi sebagai calon vaksin h idup. 
vi i i  
ACKNOWLEDGEMENTS 
Bismillahir Rahmanir Rahim 
All praises and credits are due to Almighty Allah who has g iven me the 
ability and strength to complete th is challenging task. 
I would like to express my deepest sense of appreciation and gratitude to 
Professor Dr. Aini Ideris, Dean of Graduate School, UPM and Chairman of 
Supervisory Committee, for her invaluable gu idance, advice and suggestions 
throughout the study. I am also grateful to her for sending me to UKM, to 
complete two short training courses on molecular works. 
My sincere gratitude and appreciation is due to Dr. Abdul Rahman Omar, 
a member of the supervisory committee for his continuous guidance, 
suggestions and cooperation throughout the study. 
I am expressing my sincere thanks and gratitude to Assoc. Prof. Dr. 
Mohd. Hair Bejo, a member of the supervisory committee for his gu idance, 
suggestions and encouragement throughout the study. 
My s incere appreciation and gratitude is due to Dr. Abdul Aziz 
Jamaluddin, Director, Veterinary Research Institute (VRI) ,  Ipoh, Perak, 
Malaysia, and a member of the supervisory committee, for his invaluable 
guidance, suggestions and cooperation throughout the study. I am really 
ix 
grateful to him for arranging a training programme for me in VRI ,  for the 
isolation and identification of chicken anaemia virus (CA V) from field samples. 
My cordial thanks are also due to him for providing three VRI CAV isolates for 
this study. 
I would l ike to express my sincere gratefulness to Dr. Y. Kono,  a J ICA 
Specialist at VRI , for his invaluable techn ical train ing, suggestions and 
cooperation during the study. I would l ike to appreciate the contribution of Dr. 
Nadzri Salim, Lecturer, Faculty of Veterinary Medicine, UPM,  for helping me to 
analyse my research data statistically. 
I would like to express my sincere thank to Assoc. Prof. Dr. Rahmah 
Mohamed and Dr. Wan Kiew Lian of UKM,  Dr. Tan Siang Hee and Dr. 
Hairkrishna of Genetic Lab . ,  UPM for providing the facil ities for sequencing. 
My sincere thanks are due to Dr. Badrul Munir Md . Zain of UKM, for his 
help and cooperation during phylogenetic analysis of the CAV sequences. 
Thanks are a lso due to Mr. Mohd . Noor Mat Isa, MTDC, UKM, and Mr. Lee, 
Genetic Lab . ,  UPM, for their help and cooperation during sequence analysis. 
I really appreciate the help and cooperation of Dr. Azizah Darus of VRI , 
Perak, Malaysia, and Dr. Haas Md Yatim of MTDC, Malaysia, for their help, 
cooperation and valuable suggestions during collection of CAV samples from 
x 
different broiler farms. Thanks are due to Dr. Reuben Sharma of Parasitology 
Lab., Ms Siti Hasmah Mohtar, Kong Lih Ling and Tan Sheau Wei of Biologics 
Lab . ,  UPM, for their help and cooperation during the study. I would also like to 
thank the staffs at Biolog ics Lab. ,  Histopathology Lab . ,  Haematology Lab . ,  
Electron m icroscopy unit, Genetic Lab. at UPM,  and the staffs at  VRI , Perak, 
Malaysia for their help, cooperation and suggestions during the study. 
I would like to express my sincere thanks to the World Bank for providing 
financial support ( IDA Credit 281 5-BD) for the scholarship under ARMP-BLRI 
part. I am also grateful to the Government of Bangladesh and Government of 
Malaysia for providing other financial support to ensure completion  of my Ph .D .  
studies. 
My cordial thanks are to the M inistry of Livestock and F isheries, 
Bangladesh Secretariate , Dhaka ,  and D irector General, Bangladesh Livestock 
Research I nstitute, Savar, Dhaka, Bangladesh, for their continuous help during 
the study, extension of my scholarship and deputation . 
My heartfelt appreciation to my parents, brothers and sisters for their 
help and encouragement during the study. Finally, I am expressing my utmost 
gratitude and appreciation to my wife, Fauzia Yasmin Chowdhury and my only 
daughter, Farzana Yasmin Chowdhury, for their patience, continuous help, 
cooperation and encouragement throughout the study period . 
xi 
I certify that an Examination Committee has met on 12th October 2001 to 
conduct the final examination of Shah Md.  Ziqrul Haq Chowdhury on h is Doctor 
of Phi losophy thesis entitled "Molecular Characterisation, Pathogenicity and 
Immunolog ical Studies of Chicken Anaemia Virus Isolated in  Malaysia" in 
accordance with Universiti Pertanian Malaysia (Higher Degree) Act 1980 and 
Un iversiti Pertanian Malaysia (Higher Degree) Regulations 1981. The 
Committee recommended that the candidate be awarded the relevant degree. 
Members of the Examination Committee are as follows: 
MOHO. AZMI MOHO. LILA, Ph.D. 
Associate Professor, Faculty of Veterinary Medicine 
Universiti Putra Malaysia 
(Chairman) 
AINI IDERIS, Ph.D. 
Professor/Dean of Graduate School 
Un iversiti Putra Malaysia 
(Member) 
ABDUL RAHMAN OMAR, Ph.D. 
Faculty of Veterinary Medicine 
U niversiti Putra Malaysia 
(Member) 
MOHO. HAIR BEJO, Ph.D. 
Associate Professor, Faculty of Veterinary Medicine 
Un iversiti Putra Malaysia 
(Member) 
ABDUL AZIZ JAMALUDDIN, Ph.D. 
Director, Veterinary Research Institute 
Ipoh, Perak, Malaysia 
(Member) 
JIMMY KWANG, Ph.D. 
Professor and Principal Investigator 
Laboratory of Animal Health Biotechnology 
Institute of Molecular Agrobiology 
National University of Singapore 
( I ndependent Examiner) 
MO .GHAZALI MOHAYIDIN, Ph.D. 
Professor/Deputy Dean of Graduate School 
Universiti Putra Malaysia 
Date: 2 1 NOV Z001 
xi i  
This thesis submitted to the Senate of Universiti P utra Malaysia has been 
accepted as fulfi l lment of the requirements for the degree of Doctor of 
Phi losophy. 
xii i  
AINI  IDERIS, Ph.D. 
Professor/Dean of Graduate School 
Universiti Putra Malaysia 
Date: t1 0 JAN 2002 
DECLARATION 
hereby declare that the thesis is based on my original work except for 
quotations and citations, which have been duly acknowledged. I also declare 
that it has not been previously or concurrently submitted for any other degree at 
UPM or other institutions. 
SHAH MD. ZIQRUL HAQ CHOWDH U RY 
Date: November 21, 2001 
xiv 
TABLE OF CONTENTS 
Page 
[)E:[)1�J\1I10� ---------------------------------------------------------------------- ii 
J\E3�1I��1I ------------------------------------------------------------------------ iii 
J\E3�11�� -------------------------------------------------------------------------- "i 
J\ � �� OWLE DG E M E: NlI� ------------------------------------------------------ ix 
J\p P R OV J\L ------------------------------------------------------------------------ xi i 
J\p PRO V J\L ------------------------------------------------------------------------ xi i j 
DE�lJ\�1I10N ------------------------------------------------------------------- xi" 
L1�11 OF 11 J\E3LE:� ---------------------------------------------------------------- xxi 
LI �11 0 F FIG U RE: � ------------------------------------------------------------- xxi" 
LI�T OF PlJ\TE:� ---------------------------------------------------------------- xX\ri 
L1�T OF J\E3E3RE:VIJ\ TION� ---------------------------------------------------- xxx 
CHAPTER 
GENERAL I NTRODUCTION ----------------------------------- - 1 
I I  FtE\fIE\nI 01= l.ITERATURE -----�-------------------------------------------- 13 
Chicken J\naemia Virus ------------------------------------------------------- 13 
Class ification -------------------------------------------------------------------- 1 0 
�istory -------------------------------------------- ----------------------------------- 10 
Virus Properties ----------------------------------------------------------------- 11 
Molecular E3iology of �J\ V ---------------------------------------------------- 13 
Viral Proteins ----------------------------------------------------- ----------------- 19 
Restriction E:ndonuclease E:nzyme J\nalysis ----------------------------- 21 
I ncidence and Distribution ----------------------------------------------------- 23 
Pathogenesis, Pathogenicity and J\ntigenicity ---------------------------- 25 
[)isease �igns -------------------------------------------------------------------- 30 
Naturally Occurring Disease ---------------------------------------- 30 
Experimental Disease ---------------------------------------------------- 32 
Morbidity and Mortality -------------------------------------------------------- 34 
Gross Lesions --------------------------------------------------------------------- 35 
�istopathology ----------------------------------------------------------------- 36 
E3onemarrow ------------------------------------------------------------- 37 
Thymus --------------------------------------------------------------------- 40 
E3ursa of Fabricius --------------------------------------------------------- 42 
�pleen ----------------------------------------------------------------------- 42 
Li"er -------------------------------------------------------------------------- 43 
Other Organs --------------------------------------------------------------- 43 
�eamatology ---------------------------------------------------------------------- 44 
X" 
Apoptosis --------------------------------------------------------------------------- 46 
Virus Attenuation and Molecular Basis for Attenuation ----------------- 51 
I mm unity against CA V ---------------------------------------------------------- 56 
Active 1m m unity ------------------------------------------------------------ 56 
Pass ive 1m m unity ---------------------------------------------------------- 58 
1m m u nos u pp ress ion ------------------------------------------------------------- 59 
Economic Effect ------------------------------------------------------------------ 6 1  
D iagnosis ---------------------------------------... ----------------------------------- 62 
Isolation and Identification of the Virus ------------------------------ 62 
D iffe rentia I D iag n os is ---------------------------------------------------- 68 
CAV Vaccine, Prevention and Control -------------------------------------- 69 
I I I  ISOLATION AND IDENTIFICATION OF MALAYSIAN ISOLATES 
OF CHICKEN ANAEMIA VIRUS -------------------------------------------- 75 
I ntrod uction --------------------------- ------------------------------------ 75 
Materials and Methods ---------------------------------------------------- 77 
Viruses --------------------------------------------------------------- 77 
Cells and Cell Culture ------------------------------------------------- 78 
Ch ickens --------------------------------------------------------------------- 78 
Sample Collection ------------------------------------------------------ 78 
Preparation of Virus Inoculum ----------------------------------------- 79 
Isolation of Virus in MDCC-MSB 1 Cells --------------------------- 79 
DNA Extraction from Samples --------------------------------------- 80 
DNA Extraction from I nfected Culture Cells ----------------------- 80 
DNA Quantification and Purity ---------------------------------------- 81  
Polymerase Chain Reaction (PCR) ---------------------------------- 81  
Agarose Gel Electrophoresis ------------------------------------ 83 
Purification of DNA --------------------------------------------------- 83 
Preparation of Stock from Newly Isolated Virus ------------------- 83 
Ind irect Immunofluorescence Assay ( I IFA) ------------------------ 84 
Treatment with Restriction Endonuclease Enzyme -------------- 85 
Treatment with Chloroform and Heat --------------------------------- 85 
Chicken I nocu lati on ---------------------------------------------------- 86 
Resu lts -------------------------------------------------------------- ---- 86 
Virus Isolation -------------------------------- --------------- -- 86 
Detection of CAV DNA in Samples and in Infected MSB1 
Cells by PCR ---------------------------------------------------------- 87 
Detection of CAV Antigens in MSB1 Cells by I I FA ------------ 87 
Restriction Enzyme Analysis --------------------------------------- 88 
Treatment with Ch loroform and Heat ----------------------------- 88 
Chicken Inoculation -------------------------------------------------- 88 
Discussion ------------------------------------------------------------------------- 92 
IV ANALYSIS OF THE GENOMES OF DIFFERENT ISOLATES OF 
CHICKEN ANAEMIA VIRUS BY RESTRICTION 
EN DON UC LEASE ENZYMES ---------------------------------------------- - 95 
xvi 
I ntroduction ------------------------------------------------------------------- 95 
Materials and Methods -------------------------------------------------------- 97 
Viruses --------------------------------------------------------------------- 97 
Cells and Cell Culture ---------------------------------------------------- 97 
Virus Stock Preparation -------------------------------------------------- 97 
Virus Inoculation into MSB1 Cells ------------------------------------- 98 
DNA Extraction and Precipitation ------------------------------------- 98 
Amplification of DNA Fragments by Polymerase Chain 
Rea cti on (PC R) ------------------------------------------------------------ 98 
PCR Reaction M ixture and Thermal I ncubations ------------------ 1 00 
Agarose Gel Electrophoresis and Purification of DNA 
F ragments ---------------------------------------------------- 1 00 
Analysis of Amplified DNA Fragments by Restriction 
E ndon u c1eases ------------------------------------------------------------- 1 02 
Agarose Gel Electrophoresis -------------------------------------- 1 02 
Sodium Dodecyl Sulphate Polyacrylamide Gel 
Electrophesis (SDS-PAGE) ------------------------------------------- 1 04 
Results -------------------------------------------------------------------- 1 06 
PCR Amplification of Different Fragments ------------------------- 1 06 
Restriction Endonuclease Analysis ----------------------------------- 1 07 
D iscussion ------------------------------------------------------------------- 1 1 8 
V MOLECULAR CLONING OF CHICKEN ANAEMIA VIRUS 
GENOME AMPLIFIED BY POLYMERASE CHAIN REACTION --- 1 24 
I ntrod uction ----------------------------------------------------------------------- 1 24 
Materials and Methods -------------------------------------------------------- 1 25 
Vi ruses ------------------------------------------------------------------- 1 25 
Cells and Cell Culture ------------------------------------------------ 1 26 
Virus Inoculation into MSB1  Cells ------------------------------------ 1 26 
DNA Extraction and Precipitation ---------------------------------- 1 26 
Determination of DNA Concentration and Purity ----------------- 1 26 
Amplification of CAV DNA by 
Polymerase Chain Reaction (PCR) ---------------------------------- 1 26 
PCR Reaction Mixture and Thermal Conditions ----------------- 1 27 
Agarose Gel Electrophoresis ---------------------------------- -- 1 27 
Purification of PCR Products from Agarose Gel ---------------- 1 27 
Cloning - - ------------------------------------------------------- 1 27 
Transformation Efficiency -------------------------------------------- 1 32 
Analysis of Positive Clones by PCR Screening ------------------ 1 33 
Preparation of Glycerol Stock -------------------------------------- 1 33 
Extraction of Plasmid DNA by Conventional Method ---------- 1 34 
Extraction of Plasmid DNA by Commercial Kit ------------------- 1 35 
Determination of Concentration and Purity of Plasmid DNA -- 1 36 
Analysis of Positive Clones by Restriction Endonuclease (RE) 
Analysis ------------------------------------------------------------------ 1 37 
Res u Its ---------------------------------------------------------------------------- 1 37 
xvi i  
Amplification of CAY DNA by PCR ------------------------------- 1 37 
Cion ing ------------------------------------------------------------------- 1 39 
Transformation Efficiency --------------------------------------------- 1 39 
Plasmid DNA Concentration and Purity ------------------------ 1 42 
Analysis of Positive Clones --------------------------------------------- 1 42 
Discussion ------------------------------------------------------------------------- 1 51 
VI DNA SEQUENCING AND PHYLOGENETIC ANALYSIS OF THE 
GENOME OF NON-ATTENUATED AND ATTENUATED 
ISOLATES OF CHICKEN ANAEMIA VIRUS ---------------------------- 1 54 
I ntrod uction -------------------------------------------------------------------- 1 54 
Materials and Methods ------------------------------------------------------ 1 56 
Viruses --------------------------------------------------------------- 1 56 
Construction of CAV Recombinant Plasmid ----------------------- 1 56 
Extraction of Plasmid ------------------------------------------ 1 56 
DNA Sequencing ------------------------------------------------------ 1 57 
The Sequencing Reaction Mixture -------------------- ----- 1 57 
Purification of Extension Products ------------------------- 1 58 
Electrophoresis on the ASI Prism® 377 DNA Sequencer ------ 1 69 
Sequencing High G:C Regions in CAV Genome ----------------- 1 62 
Sequencing the Isolate SMSC-1 /P 1 23 ----------------------- 1 64 
Sequence Analysis ----------------------------------------- 1 65 
GenBank Accession Numbers for Nucleotide Sequences ---- 1 66 
CAV Sequences Collected ,from GenBank -------------------- 1 66 
Hydrophi l icity and Antigenicity of VP1 ---------------------------- 1 67 
Phylogenetic Analysis ------------------------------------------------- 1 67 
Results --- ----------------------------------------------- 1 7 1  
Development of a Modified Method for Sequencing 
High G:C Rich Regions --------------------------------------------- 1 7 1  
Sequence Analysis -------------------------------------------------- 1 73 
Nucleotide Sequence Motifs and Regulation of Transcription - 1 91 
Sequence Alignment ------- ------------------------------------- - 1 98 
Sequence of CAV Isolate SMSC-1 /P 123 ------------------------- 1 99 
Hydrophi l icity and Antigenicity of the VP1 Protein --------- 1 99 
Phylogenetic Analysis ---------------------------------- ------- 203 
Discussion ------------------------------------------------------------------- 2 11 
VII PATHOGENICITY OF NON-ATTENUATED ISOLATES OF 
CHICKEN ANAEMIA VIRUS I N  SPECIFIC PATHOGEN FREE 
CHICKENS ---------- ----------- --------------------------- 222 
Introduction ---------------------------- ------------------------------------ 222 
Materials and Methods -------------------------------------------------------- 224 
Viruses -- -------------------------------------------------------------- 224 
Cells and Cell Culture -------------------------------------------------- 224 
Chickens ------------------------------------------------------------------- 224 
Virus Stock Preparation -------------------------------------------------- 225 
xvii i  
Virus Titration with MDCC-MSB1 Cells ------------------------------ 225 
Experimental Design --------------------------------------------------- 226 
Determination of Haematocrit (Packed Cell Volume- PCV) ---- 228 
Postmortem Examination ---------------------------------------------- 228 
Organ Weight Calculation --------------------------------------------- 229 
Statistica I An a Iys is -------------------------------------------------------- 229 
Histopathology ----------------------------------------------------------- 230 
Results -------------------------------------------------------------------------- 230 
Virus Titration -------------------------------------------------------------- 230 
C l in ica I S ig ns --------------------------------------------------------------- 231 
Body Weight and Organ Weight ------------------------------------- 232 
Haematocrit Values and Anaemia ----------------------------------- 234 
Lesion Score --- ------------------------------------------------------ 236 
H istopath 0 logy ----------------------------------------------------------- 237 
Discussion - ------------------------------------------------------------ 253 
VII I  ATTENUATION OF C H ICKEN ANAEMIA VIRUS BY REPEATED 
PASSAGE IN MDCC-MSB1 CELL LINE FOR 
DEVELOPMENT OF LIVE ATTENUATED VACCINE ----------------- 257 
I ntroduction -- ----------------------------------- -------------------- 257 
Materials and Methods -------------------------------------------------------- 260 
Viruses ----------------------------------------------------------- 260 
Cells and Cell Culture ---------------------------------------------- 260 
Chickens ------------- -------------------------------------------- 260 
Counting of MSB1 Cells ------------------------------------------- 261 
Virus Attenuation by Repeated Passage in MSB1 Cells ------ 261 
CPE Scoring ----------------------------------------------- 262 
Virus Stock Preparation ---------------------------------------- 262 
Virus Titration -------------------------------------------------------- 262 
I ndirect Immunofluorescence Assay ( I IFA) --------------------- 263 
Chicken I noculation and Experimental Design --------------- 263 
Determination of Haematocrit Values ---------------------------- 264 
Postmortem Examination - -------------------------------------- 265 
Organ Weight Calculation ----------------------------------------- 265 
Statistical Analysis ---------------------------------------------------- 265 
Results -- --------------------------------------------------- ------------- 265 
Virus Attenuation by Repeated Passage in MSB1 Cells ----- 265 
Titration of CAV Isolates --------------------------------------------- 268 
Indirect Immunofluorescence Assay ( I IFA) ------------------------ 269 
Chicken I nocu lation - ------------------------------------ ------ 271 
Discussion ------------------------------------------------------------------ 276 
IX APOPTOSIS AND IMMUNOLOGICAL STUDIES ON 
MALAYSIAN ISOLATES OF CHICKEN ANAEMIA VIRUS --------- 282 
I ntroduction -------------------------------------------------------------------- 282 
Materials and Methods --------------------------------------------------------- 284 
xix 
Viruses ------------------------------------------------------------- 284 
C h icke ns ---------------------------------------------------------------- 284 
Cells and Cell Culture --------------------------------------------- 285 
Apoptosis Study ---------------------------------------------------- 285 
Transmission Electron Microscopy (TEM) ------------------------ 286 
DNA Fragmentation Analysis------------------------------------------ 289 
I mm unological Study -------------------------------------------------- 290 
Enzyme-linked Immunosorbent Assay (ELISA) ----------------- 291 
Statistica I An a Iys is ------------------------------------------------------- 297 
�ESLJL.TS ---------------------------------------- ------------------------------ 297 
Electron Microscopy (TEM) of Thymuses after in vivo 
I nfection ----- -------------------------------------------------------------- 297 
Electron Microscopy (TEM) of MDCC-MSB1 Cell line after in 
vitro I nfection --------------------------------------------------------------- 298 
DNA Fragmentation Analysis of Thymuses and MDCC-MSB1 
cell l ine -------------------- ------------------------------------ 298 
Antibody Development by CAV SMSC-1 /P 1 ,  SMSC-1 /P60 
and SMSC-1 JP 1 23 -------- ------------------ ------------- 305 
Antibody Development by CAV 3-1 /P1 ,  3-1 /P60 and 3-1 /P 123 305 
Antibody Development by CAV BL.-5 isolate 306 
DISCLJSSI()N ----------------------------------------------------------------- 309 
X GENERAL DISCUSSION AND CONCLUSION ----------------- 3 1 5  
Future Prospects and Suggestions ------------------------------ 324 
BIBLIOG RAPHY -------------------------------------------------------- 327 
APPENDICES -------------------------------------------------------------------- 351 
BIODAT A OF AUTHOR -------------------------------------------------- 393 
xx 
LIST OF TABLES 
Table Page 
Table 2. 1 :  The economic impact of CAV on commercial broiler 
production ------------------------------------------------------------ 62 
Table 4. 1 :  Restriction endonuclease analysis of d ifferent PCR-
amplified DNAs specified by different CAV isolates --------- 1 08 
Table 4.2: Number of DNA fragments produced in different PCR-
amplified genomic fragments of d ifferent Isolates after 
digestion with various restriction endonucleases ------------ 1 09 
Table 5. 1 :  Formation of colonies after transformation of the 
recombinant plasm ids into Top1 0  E. coli cells ----------------- 14 1  
Table 5.2: Transformation efficiency of the recombinant plasmid 
pCR@ 2 . 1  with insert fragment A or fragment B of different 
CAV isolates into chemically competent Top1 0 cells --- 1 4 1  
Table 6. 1 :  List of primers for sequencing fragments A and B of the 
CAV genomes from different isolates -------------------------- 1 68 
Table 6.2: Sequence of the forward primers used for sequencing the 
CAV genome from different isolates ------------------- 1 69 
Table 6.3: Sequence of the reverse primers used for sequencing the 
CAV genome from different isolates --------------------------- 1 70 
Table 6.4: Molecular weights of the putative proteins encoded by the 
three major ORFs of 1 347 bp, 648 bp and 363 bp in the 
plus DNA strand of different isolates ----------------------- 1 76 
Table 6.5: Percentage homologies, d ifferences of nucleotide and 
amino acid sequences between SMSC-1 isolate and other 
CAV isolates ----------------------------- ------ 1 79 
Table 6.6: Percentage homologies, differences of nucleotide and 
protein sequences between 3-1 isolate and other CAV 
isolates ------------------------------------------------------------------ 1 84 
Table 6.7: Percentage homologies, differences of nucleotide and 
protein sequences between SMSC-1 /P60 isolate and other 
xxi 
Table 6 .8: 
CAY isolates --------------------------------------------------------- 186 
Percentage homologies, differences of nucleotide and 
protein sequences between 3-1/P60 isolate and other CAY 
isolates ------------------------------------------------------------------ 1 90 
Table 6.9: Nucleotide sequence motifs in SMSC-1 isolate --------------- 1 94 
Table 6. 1 0: Nucleotide sequence motifs in 3-1 isolate ---------------------- 1 95 
Table 6.1 1 :  Nucleotide sequence motifs in SMSC-1/P60 isolate --------- 1 96 
Table 6. 12 :  Nucleotide sequence motifs i n  3-1 P60 isolate ----------------- 1 97 
Table 6. 1 3: Summary of variations along the sequences across CAY 
isolates ----------------------------------------------------------- 204 
Table 6.14 :  T ajima and Nei Distance (x1 00) Matrix derived from 
different CAY sequences ------------------------------------------- 2 1 0  
Table 7. 1 :  Body weights and organ weights of SPF chickens 14 days 
following infection with SMSC-1 isolate at 1 day of age ---- 233 
Table 7.2: Body weights and organ: weights of SPF chickens 16 days 
fol lowing infection with 3-1 and BL-5 isolates at 1 day of 
age ----------------------------------------------------------------------- 233 
Table 7.3: Pathogenicity evaluation in SPF chickens 14 days after 
inoculation with SMSC-1 isolate at 1 day of age -------------- 235 
Table 7.4: Pathogenicity evaluation of SPF chickens 16 days after 
inoculation with 3-1 and BL-5 isolates at 1 day of age ------- 236 
Table 8. 1 :  Body weights and organ weights of SPF chickens 1 6  days 
fol lowing infection with SMSC-1 /P60 and 3-1 /P60 isolates 
at 1 -day of age ---------------------------------------------------- 274 
Table 8.2: Pathogenicity evaluation of SMSC-1 /P60 and 3-1 /P60 
isolates 1 6  days following infection in 1 day old SPF 
ch icke ns ----------------------------------------------------------- 275 
Table 8.3: Body weights and organ weights of SPF chickens 16  days 
fol lowing infection with SMSC-1/P 123 and 3-1 /P 1 23 
isolates at 1 -day of age --------------------------------------------- 275 
Table 8.4: Pathogenicity evaluation of SMSC-1 /P123 and 3-1/P 123 
xxii 
isolates 1 6  days fol lowing infection in 1 day old SPF 
ch icken s ------------------------------------------------------------- 276 
Table 9. 1 :  Serum antibody titres of chickens fol lowing infection with 
SMSC-1 /P1 , SMSC-1 /P60 and SMSC-1 /P123 isolates at 
1 -day of age ------------------------------------------------------------- 307 
Table 9.2: Serum antibody titres of chickens fol lowing infection with 
3-1 /P1 , 3-1 /P60 and 3-1 /P 123 isolates at 1 -day of age ------ 308 
Table 9.3: Serum antibody titres of chickens fol lowing infection with 
BL-5 isolate at 1 -day of age ----------------------------------------- 308 
xxii i  
